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(57) Abstract 

A method and apparatus for ultrasonically inspecting railraod rails (20) utilizing a plurality of ultrasonic roller search 
units (12, 14, 16). Each search unit is a liquid filled elastomeric tire containing one or more ultrasonic transducers (35, 75, 0, Z). 
The liquid couples the ultrasound between the rail and each transducer. The spaced wheels are in rolling contact with the rails 
being inspected. The system utilizes a plurality of differently oriented beams (32, 34, 36, 40, 50) of ultrasonic energy from the 
transducers which are pulsed at different times for probing various regions of the rails being inspected. The transducers recei- 
ve through transmission or pulse echo ultrasonic energy from the workpiece and use such information to determine the loca- 
tion and nature of defects in the rail. 
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1. 



AN ULTRASONIC RAIL TESTING METHOD AND SYSTEM_ . 



Technical Field 

The field of this invention is the automatic 
ultrasonic testing of railroad rails in track. 

Background Art 

5 This invention relates to ultrasonic rail testing 

methods and apparatus and, more particularly, to the ori- 
entation of a plurality of ultrasonic transducers. The 
transducers are mounted in liquid filled roller search units 
which are relatively conventional. They take the form of 

10 a plurality of spaced wheels in rolling contact with the 
rails being inspected. The transducers establish through 
transmission and pulse echo paths for probing, and providing 
flaw information from, different regions of the rails being 
inspected. 

15 The ultrasonic inspection of rails utilizing 
ultrasonic pulse echo reflection techniques is well known 
and widely used. One such system, disclosed in U. S. Patent 
3,415,110 and assigned to the assignee of the present in- 
vention, utilizes three transducers in each of two spaced 
20 wheels 'of a rail search unit in rolling contact with the 
rails being inspected. The wheels are provided with 
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2. 



suitable couplant means for coupling the radiation emitted 
or received by the transducers to" and from the rails. Such 
a system has been useful in reliably and quickly detecting 
defects in rails . 



wheel means are provided with a plurality of transducers, 
namely 12 in number , oriented to probe the rail for various 
types of defects* Among these transducers are one .group-of 
three which are aimed forwardly and are pulsed together to 
10 produce a diverging beam. This beam fills the entire cross- 
section of the rail head in front of the leading wheel. 
Another group includes three transducers which are rearward 
looking and perform the same function at the rear of the 
trailing wheel. Side looking transducers are also provided 
15 for beaming ultrasonic radiation to the lower corners of 
the gage and field sides of the rail head. They are moni- 
. tored for loss of amplitude of reflected energy , indicating 
the presence of a vertical split head defect. One of the 
problems with this approach is that the ultrasonic radiation 
20 of the siiie looking transducers could be reflected off a 
defect to the lower corner of the rail and back to the 
transducer without indicating that a fault exists. Also, 
precision vertical and lateral positioning of the transducers 
over the rail is required and would be difficult to achieve 
25 in worn rails* These and other difficulties, when primarily 
utilizing the pulse echo technique of ultrasonic rail test- 
ing, render defect identification and processing difficult. 



It is - an object of this invention to provide new 
30 and improved method and apparatus for ultrasonic rail in- 
spection- in order to alleviate some of the problems in de- 



5 



In S. Patent 4,174,636 leading and trailing 



Disclosure of Invention 



tecting and identifying certain types of rail defects. 
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Another object of this invention is to provide 
new and improved method and apparatus for an ultrasonic 
rail inspection system which is more sensitive and capable 
of detecting a wider variety of defects with greater ac- 
5 curacy than previous systems • 

Still another object of this invention is to pro- 
vide new and improved method and apparatus for the ultra- 
sonic inspection of rails which provides for both primary 
and redundant information which may be utilized in charac- 
IQ terizing the type and size of the various defects in the 
rail. 

In carrying out this invention in one illustrative 
embodiment, method and apparatus are provided for ultra- 
sonically inspecting railroad rails utilizing a plurality 
15 of ultrasonic transducers mounted in a plurality of spaced 
wheels. The wheels are in rolling contact with the rail 
being inspected. First and second aligned groups, each in- 
cluding a. plurality of transducers in one of the two spaced 
wheels, are oriented and aimed at each other. The first 
20 group is aimed downwardly and forwardly from the trailing 
wheel. The second group is aimed downwardly and rearwardly 
from the leading wheel. Ultrasonic radiation from at least 
two transducers of one group is received by the second group 
after intermediate reflections from opposite sides of the 
25 head of the rail. 

Other transducers mounted in the two spaced wheels 
face each other. One transducer faces downwardly and rear- 
wardly from the leading wheel and the other transducer faces 
downwardly and forwardly from the trailing wheel. Ultra- 
3Q sonic radiation is thereby directed between transducers in 
a through transmission mode after reflection from the bot- 
tom of the rail. The latter transducers are aimed at a 
much mope actue angle to the vertical thaa the angle formed 
by the groups of transducers. 
35 Another transducer is positioned in each of the 
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two spaced wheels aimed perpendicular to the top surface 
of the rail for reflection from the bottom of the rail* 

In addition, a third wheel is provided having two 



transducers which are aimed at each other through the rail * 
5 head. Ultrasonic radiation from one of the transducers is 
transmitted to the other after two reflections from opposite 
sides of the rail head, thereby taking a Z path through the 
rail head. - A focused transducer is also provided -in the 
third wheel which is vertically aimed at the center of the 
10 rail. 



vided. The rail under inspection is flooded with ultra- 
sonic energy and the channels provide flaw detection infor- 
mation. (As used herein, the term "channel" refers to a 

15 receiving transducer and the data processing functions 
associated with that transducer.) All but two of the 
ultrasonic channels are operated in a through transmission 
mode. Total loss of signal in such a channel would indi- 
cate either a problem with the equipment or a defect -in 

20 the rail. This type of operation is, in many cases, more 
advantageous than the pulse echo technique alone. For 
exanple, it is "fail safe", as explained more fully below. 
Furthermore, pulse echoes will also be received when de- 
fects occur in a through transmission path, thereby pro- 

25 viding a double check and further information to positive- 
ly identify or characterize defects in the rail which in 
the past have been difficult to detect. 



30 advantages and features thereto will be more clearly under- 
stood, from the following description taken in conjunction 
with the accompanying drawings . 



In all, up to twelve ultrasonic channels are pro- 



Brief Description of the Drawings 



The invention, together with further aspects, 
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5. 

FIGURE 1 is a diagrammatic top view of a rail, 
illustrating the distribution and orientation of a plural- 
ity of ultrasonic transducers in accordance with an illus- 
trative embodiment of the present invention. 
5 FIGURE 2 is a diagrammatic sids view of the rail 

and transducers shown in FIGURE 1 and showing the wheels 
containing the transducers. 

FIGURE 3 is" a cross-section of a rail illustrat- 
ing the transmission and reception paths of two of the trans- 
it) ducers shown in FIGURE 1. 

FIGURE 4 is a cross-sectional view of a rail illus- 
trating a focused zero degree transducer and the radiation 
emitted from the transducer to the interior of a rail. 

FIGURE 5 is a chart of flaw information indicating 
15 how the type of flaw is deduced by indications from the 
various transducers illustrated in FIGURES 1 and 2. 

FIGURE 6 is a timing chart which is merely illus- 
trative of one manner in which the transducer array illus- 
trated in FIGURES 1 and 2 may be pulsed and gated to detect 
20 flaws in the rail being tested. 

Best Mode for Carrying Out the Invention 

The present invention is directed to method and 
apparatus for rail inspection and resides in the orientation 
and operation of a plurality of transducers mounted in 

25 spaced wheels of a search unit which is in rolling contact 
with the rail being inspected. The wheels are elastomeric 
tires filled with an ultrasonic coupling liquid. Since the 
basic structure of the rail search unit is conventional and 
forms no part of this invention, it will not be further dis- 

30 cussed here in order to simplify the description. The 

electronic processing which is utilized for evaluating the 
information received from the rail search unit is also not 
a part of the present invention. Copending application 
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6. 



Serial No* filed b y Frank 



X. Linder and Ronald -M. Keenan and assigned to the same 
assignee as the present application , illustrates one 



5 



electronic processing system which may be utilized for 
evaluating the signals received from a rail search unit 
such as the one described here. The disclosure of that 
application is incorporated herein by reference. 



As- -employed' herein/ the term "transmission mode" 



means that an ultrasonic transmitting transducer sends energy 
10 through the rail to a receiving transducer , with or without 
an intermediate reflection. The term "pulse echo" refers 
to that mode of operation wherein a transducer receives 
ultrasonic echoes from flaws encountered. The pulse echoes 
may be picked up by the transducer emitting the radiation or 
15 by another transducer in the path of the signals. In an- 
other mode, sound striking the flaw or defect in the material 
may be reradiated and the ultrasound picked up by still an- 
other transducer. This is known as "delta" information. 



20 mine the type of processing utilized for evaluating the 

information received. For example, in the transmission mode, 
when one transducer is pulsed, the signal should be received 
by the receiving transducer after a given period of time — 
namely, the time it takes for the pulse to travel through the 

25 rail. When the transmitted signal is received during such 
specific time intervals, it is an indication that the rail 
is free of defects or flaws. Xf, on the other hand, the 
signal is not received when it should be, then something is 
wrong either with the rail or the equipment examining the 

30 rail. This creates a "fail safe" situation in that a failure i 
in either the rail or the equipment results in a "reject" 
signal. In the pulse echo mode, the system is normally 
geared ^to look for the receipt of a signal which should not 
be received except in the presence of a flaw. Thus, equip- 

35 ment failure can result in a false "good" indication. 



The mode of transmission or operation will deter- 
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Referring now to FIGURES 1 and 2, a rail search 
unit, referred to generally with .the reference character 10 , 
includes three wheels 12, 14 and 16 which are illustrated 
diagraminatically in FIGURE 2. The wheels 12 , 14 and 16 are 
5 in rolling contact with a rail 20 being inspected by the 

rail search unit 10. The positioning of the wheel 16 is not 
critical and, accordingly, may be located between the wheels 
12 and %4 , ahead or behind them. It may also be possible -to 
incorporate the functions performed by the wheel 16 in one 
10 of the other wheels. 

Each of the wheels 12 and 14 has five transducers 
therein which are capable of both transmitting and receiving 
ultrasonic energy. Wheel 12 has a 0° transducer O-^ and 
wheel 14 has a 0° transducer 0 2 which are oriented in their 
15 respective wheels to transmit and receive pulse echo radi- 
ation in the form of longitudinal compression waves. The 0^ 
and 0 2 transducers are oriented directly perpendicular to 
the top surface 22 of rail 20 such that radiation travels 
along axes 32 and 34, respectively, through the head 24, web 
20 28, and base 30. From the rail bottom, it ±s reflected back 
to its respective transducer. The 0° transducers are ex- 
tremely useful in locating certain types of head and web 
defects . 

V7hen the O-^ and 0 2 transducers are both oriented 
25 on the center line of the rail being inspected, they become 
redundant. In other words, both transducers would see or 
detect the same defect. One advantageous manner of extending 
the use of these two transducers is to stagger the 0 1 and 0 2 
transducers on opposite sides of the center line of the rail, 
30 but still directed such that the radiation from each goes 
all the way to the bottom of the rail 30. By so doing, a 
tracking function will be added. If a reflection is re- 
turned from the fillet 26 of the rail, this would indicate 
that the wheel was not properly positioned with respect to 
35 the rail. Additionally, by staggering the transducers, 
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more of the rail head is covered by the and 0 2 trans- 
ducers. 

Wheels 12 and 14 also have transducers 35.^ and 
35 2' res P ectivel Yr which are oriented and aimed at each 
other along a through transmission path 36 having an inter- 

5 mediate reflection 38 off the bottom of the rail 20. Trans- 
ducers 35 1 and 35 2 are oriented such that the angle of 
incidence of- -the radiation entering the rail is 35* -witlr- 
respect to the normal to its top surface. The 35° angle is 
not critical. The precise angle will depend on the overall 

10 system. The requirement, however, is that transducers 35 x 
and 35 2 establish a through transmission path which bounces 
off the rail bottom. 

Each of wheels 12 and 14 contains a group of trans- 
ducers 75 1A/ 75^ 75 lc and 75^^ 73^ and 75^ respective- 

15 ly. These are oriented in alignment across the rail head 
(See FIG. 1) to provide through transmission path modes be- 
tween transducers 75^ and 75^ and between 75 lc and 75 2c . 

As illustrated in FIGURE 2, this radiation from the 75, 

x 

group is coupled in two paths to the 75 2 group in wheel 14 

20 by through transmission path 40* 

The pulse echo mode is utilized by transducers 75 1B 
and 75 2B . As is best illustrated in FIGURE 3, the trans- 
ducer 75 lc transmits radiation which takes two different 
paths. In a first path 42 , radiation is directed from the 

25 transducer 75 lc through the rail head 24 and is reflected 
back off the fillet 26 to the transducer 75 lc - Other radi- 
ation from the transducer 75 lc is reflected off the fillet 
26 , following the path 40 across the head upwardly and 
horizontally therethrough, to transducer 75 2c in wheel 14. 

30 The right side of: the rail head, as viewed in FIGURE 3, 

would contain mirror image paths between transducers 75, 

1A 

and 75 2A. 

Transducers 75 1B and 75 2B are directed such that 
radiation entering the rail at a 75° angle of incidenc e will 
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be propagated down the center of the rail. This radiation 
would continue down through the .web 28 , rather than re- 
flecting off the fillet. Thus / it would operate in the 
pulse echo, rather than the through transmission, mode. 
5 Here again, it should be pointed out that the angles are not 
critical. For example 70° or 73° or some other angle may 
be utilized as long as it provides the two transmission . 
mode paths along each' side of the rail head as well -as* am- 
puls e echo mode path both downwardly and rearwardly and 
10 downwardly and forwardly through the web of the rail. 

Five transducers have been described as contained 
in each wheel 10 and 12- This provides 10 ultrasonic infor- 
mation channels. Only one channel in each wheel operates 
solely in a pulse echo mode — namely, that of each of trans- 
15 ducers 75 1B and 75 2B - These transducers are utilized to 
find and classify transverse defects and are oriented at a 
flat angle (75°) to provide stronger reflections from the 
surface of the defect. 

Transducers 75^ and 75 2A ^ as well as 75 lc and 
20 75 2c ar ^ c^P* 1 * 16 of detecting pulse echoes directly from 

flaws as well as detecting detail fractures using fillet re- 
flections. These transducers also provide through trans- 
mission as an additional backup. The diagonally operative 
receivers indicate vertical split heads or transverse de- 
25 fects by loss of signal from the fillet reflection. Addi- 
tionally, pulse echo and through transmission tests will 
indicate shell defects in the head that are not visible to 
centrally located transducers. 

Wheel 16 includes a focused transducer O c . The 
30 face 42 of. the crystal (FIGURE 4) has a concave shape which 
focuses the energy transmitted in the head ajnd web area 44. 
This is primarily to see longitudinal defects — namely, 
head and web separations, which might be missed by trans- 
ducers , 0~. Transducer O floods the area with radiation 

X 2. C 
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and a reflection of that radiation in a pulse echo mode 
• indicates a defect £n that area. 

Returning now to FIGURE 1 and to wheel 16 , there 
is shown a transmit-only transducer Z T which is aimed at 
5 a transducer Z R through a "Z" path 50 across the width of 
the rail head 24. The ultrasonic path begins and ends 
at approximately the center of the rail. This path in-- 
eludes Intermediate "reflections 52 and 54 from opposite"" 
sides of the rail head. This Z path is primarily for the 
10 purpose of detecting vertical split heads. These are diffi- 
cult to see utilizing other channels due to their parti- 
cular orientation which either reflects the radiation in 
the wrong direction or causes them to be completely missed. 
The 0 c as well as the Z transducers are located closer to 
15 the surface of the rail than to the center of the wheel 
and provide good resolution,, virtually filling the head 
with ultrasound* Transducers Z T and Z R provide a transmit/ 
receive combination which indicates head defects in sub- 
stantially any vertical plane. This combination provides 
20 great versatility and provides information by signal re- 
duction for identifying a vertical split head. A signal 
reduction at the end of the rail indicates a slivered end. 
A loss of signal at rail end indicates that the rail search 
unit was off the rail. Transverse defects and detail 
25 fractures are accompanied by a sharp drop in signal for a 
very short interval. In a horizontal split head, signal 
reduction increases as the defect gets closer to the top 
of the rail. 

It should also be noted that the 0_ transducer is 
located over the Z path 5 0 between transducers and Z„. 
Accordingly, the O c transducer may pick up delta information 
which occurs when a flaw occurs in the Z oath. When the 
Z T transducer is pulsed and strikes a flaw in the material, 
the flaw reradiates the sound which could be picked ud bv 
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the focused O transducer. This provides additional infor- 
c 

mation with respect to the flaw. 

Turning now to FIGURE 5, a number of defects which 
have been discussed are indicated, along with the type of 
5 rail flaw information produced by the ultrasonic channels of 
the present invention. It will be observed that the 
system provides major, as well as backup, criteria for 
almost every- type of "flaw. 

In FIGURE 6 a timing chart is provided illus- 
10 trating one cycle of operation of the various transducers 
described herein for obtaining information either in the 
form of positive signals or loss of signals. The cycle is 
600 microseconds in length. 

As an example, transducers 75 1B and 75 2B are 
15 pulsed at 300 ysec. If a signal is received during the 

interval 50 shown on FIG. 6, the presence of a defect would 
be indicated. Transducers 75 lB and 75 2B are looking in 
opposite directions down the center of the rail and signals 
received by either in interval 50 would be pulse echo sig- 
20 nals caused by the emitted radiation hitting a defect and 
returning to the transducer. 

The 35° transducers are aimed at each other in a 
through transmission mode via a bottom reflection. Trans- 
ducer 35 L is pulsed at 0 time and transducer 35 2 is pulsed 
25 at 300 ysec. Transducer 35-j^ will look for pulse echo sig- 
nals in time interval 52 while transducer 35 2 will look for 
pulse echo signals in time interval 54. If a pulse echo 
signal is received at either transducer during these inter- 
vals, a defect will be indicated. At the same time, trans- 
30 ducer 35 2 is looking for loss of signal during time interval 
56 while transducer 35 x is looking for loss of signal during 
time interval 58.. These time intervals represent times 
when signals should be received from the other transducer 
and the absence of such a signal would be indicative of a 
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defect or faulty equipment. 

It will be- appreciated that the timing chart of 
FIG. 6 may be considerably varied/ depending on the number 
and type of transducers utilized, as well as on the electro-* 

5 nic processing circuitry which is used. This timing chart 
is representative of the manner by which basic flaw infor- 
mation may be obtained by pulsing certain transducers in a 
predetermined sequence. - . _ 

In accordance with the methods and apparatus of 

10 the rail inspection system of the present invention 

virtually every region of the rail may be inspected. The 
addition of through transmission monitoring has many ad- 
vantages over solely pulse echo operation. Xn the through 
transmission mode of operation, if the signal disappears 

15 from a receiver when it should be there, then either there 
is a flaw in the rail or the equipment is faulty. In either 
case, there is a defect signal. However, in the pulse echo 
mode when the ultrasonic radiation hits the defect at the 
wrong angle, it may never get back to the trans mi tter/re- 

20 ceiver and the rail may test good where in fact a defect 
exists. In this rail inspection system only the 0 c and 
the 75 1B and 75 2B transducers operate without a through 
transmission or back reflection monitoring signal. 

The Z transmission path included in this system 

25 provides a longitudinal, as well as .a transverse, component 
direction in the rail head to detect flaws such as vertical 
split heads . The ultrasound passes through the critical 
areas where the vertical split heads begin. Also, since the 
Z path employs the through transmission mode, flaws will 

30 be detected which might be missed using a pulse echo tech- 
nique . 

Since other changes and .modifications varied to 
fit particular operating requirements and environments will 
be apparent to those skilled in the art, the invention is 
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not considered limited to the examples chosen for purposes 
of illustration. This invention covers all changes and 
modifications which do not constitute a departure from its 
true spirit and scope* 
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CLAIMS 

1. Apparatus for ultrasonically inspecting a rail 
road rail having head, web, and base portions comprising: 

a first transducer positioned to direct ultra- 
sonic energy into the head of said rail at approximately 
5 its centerline and at^an angle to the centerline such that 
said energy describes a Z shaped path with reflections off 
each side of said head and exits the head at approximately 
its centerline; and 

a second transducer positioned to receive ultra- 
10 sonic energy leaving the rail from said Z path. 

2. The apparatus of claim 1 wherein: 
% a third transducer is positioned to direct ultra- 

sonic energy vertically downwardly into said rail through 
said Z path. 

15 - 3. The apparatus of claim 2 wherein: 

the ultrasonic energy from said third transducer 
is focused in the head of said rail - 



4. The apparatus of claim 1 or 3 wherein: 

said transducers are mounted within a search unit 
20 relatively movable along said rail. 

5. The apparatus of claim 4 wherein said search 
unit comprises a liquid filled tire rollable along the head 
of said rail. 

6. The apparatus of claim 5 wherein said trans- 
25 ducers are positioned closer to the surface of said rail 

than to* the axis of rotation of said tire. 
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7. Apparatus for ultrasonically inspecting a 
railroad rail having head, web, and base portions com- 
prising: 

a first array of ultrasonic transducers movable 
5 along said rail and positioned to direct ultrasonic energy 
along essentially parallel paths downwardly into said head 
portion at a first angle to the vertical for reflection off 
the fillet of -said rail; — 

a second array of ultrasonic transducers movable 
10 along said rail and longitudinally spaced from said first 
array to receive said fillet- reflected energy; 

a third ultrasonic transducer associated with 
said first, array, and movable therewith, positioned to 
direct ultrasonic energy downwardly into said head, web, and 
15 base portions at a second angle to the vertical less than 
said first angle for reflection off the bottom of said rail; 
and 

a fourth ultrasonic transducer associated with said 
second array, and movable therewith, positioned to receive 
20 said bottom— reflected energy. 

8. The apparatus of claim 7 further comprising: 
a fifth transducer positioned to direct ultra- 
sonic energy into the head of said rail at approximately 
its centerline and at an angle to the centerline such that 
25 said energy describes a Z shaped path with reflections off 
each side of said head and exits the head at substantially 
its centerline; and 

a sixth transducer positioned to receive ultra- 
sonic energy leaving the rail from said Z path. 

30 9 . The apparatus of claim 7 wherein: 

said first array and third transducer are mounted 
within a first search-unit relatively novable along said 
rail; and 
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said second array and fourth transducer are 
mounted within a second search unit relatively movable along 
said rail. 

10. The apparatus of claim 8 wherein: 
5 said first array and third transducer are mounted 

within a first search-unit relatively movable along said- 
rail; - - — . - - — 

said second array and fourth transducer are 
mounted within a second search-unit relatively movable 
10 along said rail; and 

said fifth and sixth transducers are mounted with- 
in a third search-unit relatively movable along said rail. 

11. The apparatus of claim 9 or 10 wherein each 
of said search units comprises a liquid filled tire roll- 
15 able along the head of said rail. 
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AMENDED CLAIMS 

(received by the International Bureau on 11 October 1982 (1 1.10.82)) 



1. 



Apparatus for inspecting a railroad rail 



having head, web, and base portions, including a first 
transducer positioned to direct ultrasonic energy into the 
head of the rail at approximately its centerline and at an 

5 angle to the centerline such that the energy describes a Z 
shaped path with reflections off each side of the head and 
exits the head at approximately its centerline, and a second 
transducer positioned to receive ultrasonic energy leaving 
the rail from the Z path characterized by: 

10 a third transducer being positioned to transmit or 

receive ultrasonic energy along an axis vertically downward 
in the rail .through said Z path and focused in the head of 
the rail* 

2. The apparatus of claim 1 wherein the first, 
15 second, and third transducers are mounted within a search 

unit relatively movable along the rail. 

3. The apparatus of claim 2 wherein said search 
unit comprises a liquid filled tire rollable along the head 
of the rail. 

20 4. The apparatus of claim 3 wherein said trans- 

ducers are positioned closer to the surface of the rail than 
to the axis of rotation of the tire. 



head, web, and base portions including a first transducer 
25 movable along the rail and positioned to direct ultrasonic 
energy along the length of the rail and along its vertical 
center plane downwardly into the head portion at a first 
angle to the vertical to the intersection of the head and 
web, a second transducer movable along the rail and 



5. 



Apparatus for inspecting a railroad rail having 
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longitudinally spaced from the first transducer to receive 
energy reflected from the head and web intersection, a third 
transducer associated and movable with the first transducer 
for directing ultrasonic energy downwardly into the head, 

5 web, and base portions at a second angle to the vertical less 
than the first angle for reflection off the bottom of the 
ra^il, and a fourth transducer associated and movable with the 
sebond transducer for receiving the bottom-reflected energy, 
characterized by: 

10 a fifth transducer associated with,, and movable 

with, the first transducer to direct ultrasonic energy along 
the length of the rail essentially parallel to, and horizon- 
tally spaced from, the path of energy from the first trans- 
ducer for reflection off the fillet of the rail; and 

15 a sixth transducer associated with, and movable 

with, said second transducer to receive said fillet- reflected 
energy . 

6. The apparatus of claim 5 including a seventh 
transducer positioned to direct ultrasonic energy into the 

20 head of the rail at approximately its centerline and at an 
angle to the centerline such that the energy describes a Z 
shaped path with reflections off each side of the head and 
exits the head at substantially its centerline, and an eighth 
transducer positioned to receive ultrasonic energy leaving 

25 the rail from the Z path, further characterized by: 

a ninth transducer positioned to transmit or re- 
ceive ultrasonic energy along an axis vertically downward in 
the rail through said Z path and focused in the head of said 
rail . 

30 7. The apparatus of claim 6 wherein: 

said first, third, and fifth transducers are 
mounted .within a first search-unit relatively movable along 
said rail; 
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said second, .fourth, and sixth transducers are 
mounted within a second search-unit relatively movable along 
said rail; and 

said seventh, eighth, and ninth transducers are 
mounted within a third search-unit relatively movable along 
said rail. 



f OMPI 
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EDITORIAL NOTE 



The applicant failed to renumber the amended claims in accordance with Section 
205 of the Administrative Instructions. 

In the absence of dny specific indication from the applicant as to the correspon- 
dence between original and amended claims, these claims are published as filed and as 
amended. 
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